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Letter From the Editor

Welcome back to The Martian
Chronicle, After a very long absence,
we are again alive and well. As most
of you may know, our last editor,
David Dubov, left JPL for greener pas-
tures last year. MNow, under new di-
rection, we are sefting forth a new trail
in the exploration of Mars.

Since our last newsletter, the Mars
Exploration Office at JPL has been
quite busy making changes. Of the
twi spacecrafi lsunched before our last
issue (April 1997), only Mars Global
Surveyor #1ill remains alive. Gone is
the tremendously successiul Mars
Pathiinder spacecraft with its sidekick
Sojourter, put gquigtly to rest in March
1998 when the last anempt failed 1o

commuaicate with the lander. But do
not fret; the success of the Pathfinder
mission left a legacy of goals for future
missions o achieve, On the Intemnet
alone, over 36 million people visited our
site in & three-month span, sUrpassing
any known Intermet record of s time,
Rocks such as Yogi, Scooby Doo, and
Bamacle Bill are now as well known
on Mars as the Grand Canyon @5 on
Earth. The “litile mission that coaldn't™
went well beyond what we ever imag-
ined.
But the completion of Pathfinder
does not mean the end of Mars explo-
rition. Final preparations are now un-
der way for the next two launches of
spacecraft to Mars at the end of this

Two Mars *98 Spacecraft Near Launch

The Mars Surveyor "98 mission is
the third in NASA's Mars Surveyor
Program to explore the mysterious Red
Planet between 1997 and 2007, Mars
Surveyor '98 is comprised of two
spacecraft, the Mars Climate Orbiter
and the Mars Polar Lander. The lander
is destined for the south polar region
of Mars, equipped with an array of
sefemee instruments designed 1o search
for water and volatile materials in the
s0il and mmosphere, which may pro-
vide ¢lues to the climate of Mars in
the distant past. The orbiter will ob-
serve the atmosphere of Mars on a glo-
bal scale, using specialized instra-
ments (o measure its composition and
behavior.

The Mars Climate Orbiter will be
launched in the period December 10-
23, 1998, from Cape Canaveral Aar
Force Station in Florida. After a nine-

month journey, it will fire it main en-
gine, braking into an clliptical, near-po-
lar orbit. During the next twio months,
the orbiter will make many passes
through the upper atmosphere of Mars
to show itself into a circular orbit with an
abtitwde of just 410 km {255 miles) above
thi planet’s surface. The orbiter will op-
erate its instruments contimeously over
the course of a martian year (687 terres-
trial days).

The Mars Polar Lander will be
launched between January 3 and 27,
1994, Traveling at 6.9 km/fs {15,400
mph), it will enter the manian atmo-
sphere on Decembser 3, 1999, after trav-
eling nearly 930 million km (330 mil-
lion miles) around the Sun. In only five
minutes, the lander will decelerate from
eniry 1o a soft landing a1 about 2.2 mfs
(5 mph), uging an entry capsule dnd para-
chute for serodynamic braking, followed

year, Future Mars missions are under
development. Madame Cuarie, Sojoum-
or's twim sister, 15 being proposed to fly
on 2001. Athena, the next-gencration
rover, will fly on 2003, and a sample
return mission is planned for 2005,
Thcse are thrilling times for Mars ex-
ploration, and The Marrian Chronicle
will be there to keep you posted about
our missions. Stay funcd and climb
abaard with us for the next journey o

Mars,

e Bob Anderson
MEP
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by a computer-controlled propulsive de-
seenl 1o touwchdowm. The lander will be
targeted to the northernmost extent of a
series of layered deposils in the south
polar region, between 74 and T8 degrees
south latitude. The lander’s science ex-
periments will be conducted during a
three-month mission, beginning in lae
spring in the southermn hemisphene (at
arrival) and extending o early Sum-
mer, The orhiter will alse provide radvo
relay support 0 the lander during this
period.

The Mars Surveyor "98 mission is
managed for NASA by the Jet Propul-
sion Laboratory, California Institute of
Technobogy.

Dix. Sarm Therman
Mars "B8 Profect



Mars Global Surveyor Update

Mars Global Surveyor (MGS) has
been in orbil anound Mars since Scp-
tember 11, 1997, and its first year at
Mars has been filled with many signifi-
cani cvenis, & tantalizing first glimpse
into Mars today, and a promise of star-
tling discoverics to come as MGS be-
gins mapping of the planct next year

MGS was placed into a 43-hour ¢l-
liptical orbit with a ncar-perfect orbil
inserion mancuver o slow its cruise
speed by 973.03 m/s, allowing it to be
captured by Mars's gravity. The orbital
period was only 45 seconds short of its
mominal arget!

Acrobraking, a process in which the
spacecrafl skims through the upper lev-
els of the martian atmosphere al the
closest approach 1o the planet in cach
orbit, slows the orbital speed slightly
with each revolution about the plamet.
Eventually, the orbit changes from very
elliptical (egg shaped) to circular and
Sun synchronous with a period of only
2 hours, without the use of a large
amount of propellant. The speed reduc-
tion 15 the result of the drag of the at-
mosphere on the large area of the
spacecraft’s solar pancls, which are held
rigidly in position duning ¢ach drag
pass,

The science payload performed well,
and science data acquisition was very
successiul during the early orbiis. The
Magnetometer expeniment determined
that there iz no polar dipole magnetic
ficld on Mars as there is on Earth, but
instead there ane numerous local rem-
nant magnetic fields at various locations
sround the planct.

Acrobraking was initisted on Sep-
tember 16 with the first mancuver that
began moving the periapsis or low por-
tion of the orbit down into the top of
the atmosphere. Acrobraking contin-
wed suocessfully until the 15th orbir,
when the atmaospheric density increased
dramatically. This was not uncxpected,
but one of the spacecraft’s solar pancls
behaved in an unexpected manner.
Acrobraking was continued for several
miore orbits until it was determined that
the solar pancl motion might be an in-
dication that we didn’t fully understand

the damage done to it during its abnor-
mal deployment just after launch.
Through a very intense ¢ffon, the
people who designed and built the
spacecrall werne able o determine a fail-
ure misdcl that indicated that the tnan-
gular “yoke” structure that connects the
solar pancl 1o the main spacecralt sinsc-
twre had probably cracked. The solar
panc] motion that was being observed
during scrobraking was the result of the
yoke fMlexing about the crack. This then
required that acrobraking ndt put o
much stress on the solar panel and the
yoke, 50 il would have to be done with
bess inensity. Less intensc acrobraking
would mean that the proper orbil con-
ditions could not be obtained on the
onginal mission schedule, Tha would
be devastating to the science investiga-
tions, which require lighting on the
martian surface equivalent o 2 pum.
With this challenge, the people who
designed the original misgsion were
brought back onto the Project in order
1o find 2 mission plan that would be

sccepiable 1o the science investigations.
True 1o their exceptional capabilities,
they determined that if acrobraking was
continued for three months a1 a lower
imtensity, then suspended for six
months, and then stared up again for a
little more than four months, an orbital
condition almost exactly like the origi-
nal mapping plan could be accom-
plished, The oaly difference is that the
spacecraft will be flying from the south
pole to the north pole at 2 p.m. rather
than from north 10 south, This change
o the duration of acrobraking would
delay the start of mapping for one year,
but all the original mission objectives
could be met!

With this new plan, acrobraking was
resumed near the end of November
1997 and continwed until the end of Feb-
ruary 1993, when it was again sus-
pended for six months in what was
called the science phasing orbit period.
All during this time, the scicndce instna-
ments acquired data. The spacecraft did
a spocial rotation as it came (o its clos-

MOC Image of Labyrinithus Noctis. (Image compliments af Malin
Space Science SystemoNASA; #P005-03)
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£4t point to the planet on each orbit in
order 1o provide good viewing for the
cameras and the laser altimeter.

The science data obtained is really
a bonus to the mission, as a large
amount of data before the start of map-
ping was not par of the original mis-
sion plan. Many images of the mar-
ever before, have been recorded. The
laser altimeter has found the nonthern
hemisphere of the planet (o be very
Nat and has mapped the northem po-
lar cap during its period of greatest
extent. Several opportunities were
taken 1o look at controversial featurcs
in the Cydonia region and at the larger
of the two manian moons, Phobos,

Aerobraking was resumed again on
September 14, Owver the next four
months the orbital period will be re-
duced from the current 11,6 hours 1o
2 bours and the orbit will become mone
and more circular. Because of the
shorter orbital period, the opportunity
to take additional science data will be
limnited until mapping begins in Manch
1999,

The Might operations project 1eam
is examining the expected perfor-
mance of the deployment mechanism
for MGS's high-gain antenna. Test-
ing on some other spacecraft has indi-

e L e

MOC Image of Migel Valley (Image
Science Systemsu/NASA; #P006-05)

cated that the damper, which iz de-
signed 1o deploy the antenna in a slow
and controlled manner, may in fact
allow it 1o deploy oo fast, perhaps
resulting in some damage. 1n order Lo
maximize the swccess of the MGS's
mission, the fMlight 1eam may elect 1o
delay the deployment until after the
first, most important, mapping data
has been returned from the spacecrafi.
They may even wail until MGS has
provided its radio relay suppor io the
lander and penctrators of the next Sur-
veyor mission o Mars, which lands
in December 1999, Otherwise, the
MGS spacecraft and its science pay-
lpad are in excellent condition and
have been performing very well,
The Mars Surveyor Operations
flight team, which operates MGS, is
ready for and leoking forward 1o the
completion of acrobraking. This team
will also operate the Mars Climate
Crbiter and Mars Polar Lander, which
launch in December 1998 and Janu-
ary 1999, so a very busy year of space-

Grlenn E. Cunninghar
Manager, Mars Surveyor
Operations Project

compliments of Malin Space

Scientific
Results of the
Mars Pathfinder
Mission

Mars Pathfinder landed safely at
10 am, PDT on July 4, 1997, deployed
and navigated a small rover, and col-
lected data from three science instru-
ments and ten technology experiments
for three months. Although designed
primarily as an entry, descent, and
landing demonstration, the first low-
cost, quick Discovery-class mission o
be completed retumed 2.3 billion bits
of new data, including over 16,500
lander and 550 rover images, 16
chemical analyses of rocks and soil,
and 8.5 million individual temperature,
pressune, and wind measurements, The
raver (named Sojourner) traversed 100
m clockwise around the lander, explor-
ing about 200 m? of the surface. The
mission captured the imagination of
the public, gamcred front-page heasd-
lines during the first week of mission
operations, and went on (o became one
of NASA's most popular missions. A
total of about 566 million Internet
“hits” were registered during the first
manth of the mission, with 47 million
hits on July 8 alone, making the Path-
finder landing by far the largest
Intemnet event in history at the time.

The spacecraft was launched on
December 4, 1996, and had a seven-
menith craise io Mars. The wehicle en-
tered the atmosphere directly follow-
ing cruise stage scparation. Parachute
deployment, heatshield and lander
separation, radar ground acquisition,
arrbag inflation, and rocket ignation all
occurmed before the landing at 2:58
am. troe local solar time (9:56:55 am.
PDT). The lander bounced ak least 15
times up to 12 m high on onc of the
rockiest locations on Mars withoot
airbag rupture, thereby demonstrating
ithe robusiness of this landing system,
Unconnected disturbed soil paches in-
dicate that the final few bounces of the
lander were from the east-southeas
and were followed by a gentle roll 1o

Continued on page 6
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Mars Pathfinder Loses a Friend

Henry J, Moore, Mars Geologise

Dr. Henry J. Moore, a U8, Geologi-
el Survey geologist who helped 1o se-
lect the landing site for the Mars Path-
finder, died Seprember 21 in Utah. Al
the ume of his death, Moore and his
wife Palsy Ann were en route from their
home in Palo Alo, CA, 1o visit their
daughter in Salt Lake City. Moore ap-
parently died of & hean atack.

Moore was bom in Albuquerque,
MM, Scptember 2, 1928, He grew ap
in Salt Lake City, attending ebementary,
secomdary, and high schools there. In
1951 he received a bachelor's degree in
mineralogy from the University of
Utah. He received his graduate degrees
from Stanford University: an MS in
1959 and a PhD in 1965,

He first became a U5, Geological
Survey summer employes as an under-
graduate studem, doing ficld mapping
in Fallon, NV. Following graduation
and service with the LS, Navy, he re-
wrned to the USGS, doing geologic
mapping in Grand Junction, CC,

In 1960, while attending Stanford,
Moore ran into Evgens Shoemaker,
whom he had first met when both wens
working for the USGS in Grand Janc-
ton. Shoemaker persuaded Moore to
rejoin the USGS and becomse part of ils
fledgling astrogeology program. The
riest, as they say, is history. Shoemaker

and Moore became advisors to NASA
and helped train Apollo astronauts in
“crater geology,” prier (o the Moon
landings of the 1960s. When those as-
ronauts brooght back rock samples
from the Moon's surface, Moore was
one of the scientists who helped in the
analysis of those rocks and of photo-
graphs of the Moon's surface taken from
lunar orhit.

Moore's experience in helping 10
select lunar landing sites and in
astrogeology in general was transferred
i the Mars Viking project, and he wis
among those who helped to select the
landing =ite for the Viking that landed
an Mars in 1976,

Maoore retired from the LISCGS in
1994, but continued to work for the
agency in a “scientist emeritus” posi-
ton. He also served as a consultant to
JPL., and on July 4, 1997, the Wars Path-
finder landed on a site that Moore had
helped 1o select. Following the Path-
finder landang, Moore spent the next six
weeks al JPL, wosking with other sci-
entists on the JIPL/AMASA team Lo inter-
pret the photos and other data that were
being sent back by the Mars rover So-
joumer, as she slowly and cautiously
mioved across the boalder-strewn plain
at the mouth of Ares Vallis, Folkowing
the Pathfinder mission he received the
MNASA award for public service,

Moore is survived by has wife, Pagsy
Amnm, of Palo Alto two sons, Donald of
Lan Francisco and Daniel, an employes
af the ULS, Stz Depanment in Uganda;
and a daughter, Laura Moore of Salt
Lake City, Also surviving are his twin
sister, Cynithia Fehr, and another sister,
Elizabeth Jean Eliason, both of Salt
Lake City,

De Wes Wand
LSS

What’s News in
Mars Science

Studying Mars with
Radar

Planetary radar astronomy, in which
radio waves are bounced off planets and
asteroids to study their surfaces, has
been wsed to study Mars for 30 years,
Radar information played a role in 5e-
lecting the Yiking and Pathfinder land-
ing sites, and it will be used for future
missions as well. Radar, an acronym
for “radio detection and ranging,” was
first, and is still, used to refine our
knowledge of the orbit and shape of
Mars, The time of flight of a radio sig-
aal from Earth to Mars and back is mea-
sured in microseconds: & position pre-
cision of only hundreds of meters,

Mars 1% nol 4 billiard ball, and 50,
when we look at a ot of echoes, we
defcrmine an average position of Mars s
center of mass, The variation anound
this average 15 the maman iopography
at the subradar points, whene the shon-
est radar-lo-Mars distances are mea-
sured. The stning of sobradar points
forms o radar track, and Mars radar k-
tronamers have published topographic
profiles along such tracks since befone
the Viking era.

Until the advent of the MOLA in-
strument on MGS, radar provided the
best topographic information for Mars,
Topography is an imponant parameter
when choosing a landing site for a
spacecraft. An extra few kilometers of
thin Mars astmosphere can be critical 1o
slowing an amiving lander.

Radar echoes provide information
beyvond straightforward ranging. The
strength of the radio echo probes the
geophysical parameters of the manian
swrface. A relatively flat and dense sar-
face, like a dry lake bed on Earth, pro-
dices a strong mirmor-like echo when
viewed from directly overhead. If
viewed from a slant, most of the inci-
dent radso energy will be reflected away
from the direction back 1o the iransmit-
ter. A rolling surface, or & rough sur-

Confinued or page £
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Donna Shirley’s
Farewell to JPL

Helle and ﬂf.lf.lﬂl&.l.'-l" f Foner st
Shirtey, Marx l:.'.q‘.!.fﬂmh'm'r Pn':lg}'um
Manager
I've been working on Mars an and

off since 1965, inlensely in the last 10
years, and I'm going to move on. Mars
has been a fascination for me since |
was about 12 years old and stanted read-
ing science fiction like Arthur C.
Clarke™s “Sands of Mars" and Ray
Bradbury's “MMamian Chronicles.” Ower
the past year ["ve seen my dreams come
true with the success of Mars Path-
finder, the Sojourner Rover, and the
Mars Global Surveyor Orbiter. The
Mars Surveyor "8 orbiter and lander
will launch within a few months, and
futare Mars missions are being planned.

Since 1994, when [ became manager
of the Mars Exploration Program, [™ve
secn a collection of unrelated progects
become linked with the objective of
caploring Mars systematically, a piece
at a time. The program has pioneered
NASA's new “Betier, Faster, Cheaper”
philosophy, developing projects for a
fraction of the cost of previous projects.
Pathfinder and Mars Global Surveyor
each cost less than a modern block-
buster movie., The two 1998 missions
are being carried out for the price of
Pathfinder. 1 was really gratified when
a senbor MASA manager said o couple
of years ago: “The Mars Team has gone
a long way towand convincing me that
JPL really is doing business a new way."”

I've been privileged over the last 32
wears to work with some of the best,
brighiest, hardest working and most fas-
cinating people in the world. JPL works
&l the cutting edge of engineering and
sciende, sending robots wheng Bo Rl
has gone before. The summer and fall
of 1997 with the Pathfinder and MGS
successes were a pinnacle, and 1 have
Hitike more new (o bring o the space pro-
Erank,

The last chapter of my autobiogra-
phy, “Managing Marians.” 15 called
“Where Do You Go After You®ve Been
o Mars™* 1"'ve been thinking a lot about
that and have decided to retine from JPL
o g in some new directions,

I'm going 1o finash the PhL) in Hu-
man and Ovganizational Development
{that's really a fancy name for manage-
ment) that I've been dabbling with for
ayear, I'm doing a bot of speaking and
am starting to develop a following as a
management consultant. 1'd like to ap-
ply the management and leadership
skills I've leamed to some new poob-
lems, like cleaning up the environment
and making the world a bener place for
all of our children and grandchildren,

Mo one could have had better jobs
than [ have had, mor a beiter set of
people to work with a1 JPL and to inter-
act with in the space-loving public. The
Mars Exploration Program will go on,
arbiting, landing, roving, collecting and
relurning samples, and eventually
people will go 1o Mars, 1'll be follow-
ing this Web zite along with the rest of
vou o watch its progress. Thanks,

Dionna Shirley
MEF

New Education
Web Page

hntpmarsnd, ipl nasa. poviedication

Dr. Cheick Diarra
Named UNESCO

Dy, Cheick Diarra, who oversees
educational outreach effons for JPL's
Mars Exploration Program Office, has
been designated the 19th goodwill am-
hassador of the United Nations Educa-
tonal, Scientific and Cualtural Orgami-
zation (UNESCO) 1o the continent of
Africa,

His appointment, announced May
12 by UNESCO Director General
Federico Mayor, represenis several
firsts in the 1,1FE;lI‘IiJ'.='|II:rI'I'5. _‘iﬂ-'_'.'l."a.l' his-
tory of promoting collaboration among
nations through education, science, cul-
ture, and communication. Diara, who
was born in Mali, West Africa, is the
first ambassador originally from Afnica,
the first from the sciences, and the first
American citizen to hold the post.

In his role as an ambassador for sci-
ence and technology education, Dhiamma,
who holds a doctorate in mechanical
engincenng from Howard University,
Washingion, DI, will be working 10-
ward establishing & university in Africa
with a strong scienoe cumiculum. He
also will be involved in efforts to raise
public awareness of the importance of
science and mathematics o global
peace and techmological advancement.

fhane Ainsworth
JPLAPICY
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Pathfinder (romp. 5

the west before the lander came 1o nest
ot its present location.

Five prominent horizon features and
twio small craters were identified in both
lander horizon and Viking Orbiter im-
ages, enabling the lander to be located
within 100 m of other surface features
at 19.13*N, 33.22°W in the U. 5. Geo-
logical Survey rcference frame. Be-
cause the Pathfinder's location has also
been determined in inertial space from
two-way ranging and Doppler tracking
results, it is the best-known location on
Mars and provides a tic point for locat-
ing surface featares om Mars.

Many charactenstics of the landing
sile are consistent with its being a plain
composed of materials deposited by the
MAres and Tiu catastrophic fleods. The
rocky surface is composed of
subangular to subrounded pebbles,
cobbles, and boalders that generally re-
semble depositional surfaces produced
in terrestrial catasrophic floods. The
Twin Peaks appear to be streamlined
hills in lander images, consistent with
interpretations of Viking Orbiter images
of the region, which suggest the lander
is on the flank of a broad, gentle ridge
or debris tail deposited in the wake of
Twin Peaks. Rocks in the Rock Garden
may be imbricated or inclined blocks
generally tilted in the direction of flow.
Troughs visible throughout the scene
may be primary features produced by
the flosod, or they may result from the
Iate-stage drainage of water after depo-
sition. Large rocks appear tabular,
subrounded, and many are perched,
coasistent with deposition by a Mood.
Except for colian activity that may have
deflated the surface by 5-7 cm, the site
appears linde altered since it formed up
to & few billion years ago,

A variety of soil types have been
found at the site and appear consistent
with poeody crystalline or nanophase
iron-beanng materials. Elemental com-
positions of $0il units measured by the
Alpha Proton X-Ray Spectrometer
(APX5) are generally similar to those
mcasured af the Viking sites. Because
the Pathfinder and Viking landers are
widely spaced, the similarties in soil

A closeup Sofourner image of @ rock called Souffle af the Mars

Pathfinder Landing Site
compositions suggest that the compo-
sitions are influenced by globally dis-
tributed materials on Mars, such as the
airbome dust. The similarity in comps-
sitions among the soils implies that the
differences in color may be due 1o ci-
ther slight differences in iron mincral-
ogy. differences in particle size and
shape, or the fact that the soils are likely
complex mixtures of a varicty of weath-
ering products

In general, the rocks are dark gray
with discontinuous coatings of bright
dust andlor weathered surfaces. The
rock chemistry measured by the APXS
is simdlar to basalts, basaltic andesies,
and andesites on Eanh. Generally lin-
egar relationships between the red/bluc
ratio of the rocks, their silica or sulfur
content, and the average soil composi-
tion suggest that dark, high-silica rocks
are coated with sulfur-rich dust. This re-
lationship allows a dust-firee rock com-
position to be calculated, which is
andesitic in composition and distinc
from the mafic and relatively sihica-poor
martian meteorites found on Earth, The
chemistry and normative mincralogy of
the sulfur-free rock ane similar (o those
of common lerrestrial anorogenic
andesites, such as icelandites, which
formed by fractional crystallization of
mantle-derived parent matenials. Rover
close-up and lander images show rocks
with a vancty of morphologies, textures,
and fabrics such as pitted, smooth,

bumpy, layered, and lineated, sugges-
tive of a variety of rock types. Some of
the rocks may be conglomerates, com-
posed of rounded pebbles with reflec-
tive hemispheric pockets or indentations
where pebbles originally embedded in
a finer matrix have fallen out. Rocks
such as these could be the source of
numerous loose rounded pebbles and
cobbles on the surface. If the rocks are
conglomerates, they require running
waler 1o smooth and round the pebbles
and cobbles over long periods of time.
The rounded matenals would then be
deposited into a finer-grained sand and
clay matrix and lithified before being
carried to the site. This evidence sug-
gosts a warmer and wetter past in which
liquid water was stable and the atmdo-
sphere was thicker.

The magnetic propertics experiment
shows that airborme magnetic dust has
been progressively deposited with time
on most of the magnetic targets on the
lamader. The dust is light yellowish brown
and has a magnetization and chemisiry
consistent with composite ¢lay-sized
silicate particles with & small amount of
a very magnetic mineral, believed 1o be
maghemile, as stain or cement. The fa-
vored interpretation of these resulis is
that iron was dissolved out of crusial
materials in wWer, SUggesting an active
hydrologic cycle at some time on Mars,
and that the maghemite is a frecze-dried
precipitabe.

i The Martian Chronicle
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Observations of wheel tracks and
soil mechanics experiments suggest
that a variety of matenials with differ-
cni physical propertics are present at
the landing site. Fover tracks in bright
drift material preserve individual cleat
marks that are reflective, indicating
compressible deposits of very fing-
grained dust, Cloddy deposits appear
to be compased of poordy serted dust,
sand-sized particles, lumps of 20il, and
small rock granules and pebbles, The
interaction of these materials with the
rover wheels indicates they are like
soils on Eanth with bulk densitics near
1.5 glem?, Intermittent thick coatings
of dust on the rover wheels suggest that
the dust becomes ¢lectrostatically
charged when compressed.

The atmospheric opacity was mea-
sured ai (L5 and is slighily higher ai
night and carly morming. The sky has
been a light velbowish brown color, and
panicle size and shape and waier va-
por in ihe atmosphere are all congis-
tent with measuremenis made by Vi-
king. The wpper aimosphene (above &0
km altitude) was relatively cold, al-
though this may be congistent with
seasondal vanntions and entry at 3 a.m.
local solar time. The multiple peaks i
the landed pressure medsurements and
the entry and descent data are indica-
tive of dust uniformly mixed in a warm
lower atmosphere, again similar to
measurements made by Viking,

The meteorology mMeasurements
show repeatable diumal and higher-

order temperature fluctuations, The
barometric minimum was reached at
the site near sol 20, indicating the
maximum extent of the winter south
polar cap. Temperatures Muctuated
abruptly with time and between 0.25
and 1 m height in the moming. These
observations suggest thai cold mom-
ing air was warmed by the surface and
convecied upward in small eddies.,
Winds have been light (< 10 mfs) and
variable, peaking al might and dunng
daytime. Dust devils have been de-
tecied repeatedly sround mdday and
have been imaged; they may be an ef-
fective way of raising the fine-grained
dust into the atmosphere,

Daily Doppler tracking and less fire-
quent two-way ranging dufing com-
munication sessions between the
spacecraft and Decp Space Network
antennas have resulled in a solution for
the location of the lander in ingrtial
space and the direction of the Mars
rotation axis. Combined with earlies
results from the Viking landers, this
gives a factor of three improvement in
the Mars precession constant. The es-
tiFmabed precession ConsLant Constrains
the core radius to be larger than 1300
Kk bul feo larger than about 3000 km.

Taking all the resulis ogether sup-
ports an early Mars that may have boen
Eanh-like. Some crustal materials on
Mars may be similar im silica conten
1o conlinental crust on Eanh. The
rounded pebbles and cobbles, the pos-
sible conglomerate, and the abundant

sand- and dusi-sized paricles and
models for their origin support a wa-
iter-rich planct in which the carly en-
vironment was warmer and wetter and
liquid water was in equilibnium, per-
haps similar to the carly Earth. In con-
trast, during the past 2 to 3 billion
years, Mars appears 1o be a very ufi-
Earth-like place, with very low eno-
sion rates producing minor changes to
the surface at the Pathfinder landing

s Dr. Mart Golombek
Mars Pathfinder Project

Scientist

ASU Hires New
Mars EPO
Coordinator

The Arizona State Linaversity Mars
K- 12 Education Outreach Program 15 an
educational project of the Thermal
Emission Spectrometer group headed
by Dr. Phil Christensen and housed in
the Mars Global Surveyor Space Flight
Facility on the ASU campus in Tempe.
Ken Edgent served one-half time as the
director for nearly six years and built
the program inio a cutting-edge, inter-
national outreach before taking a posi-
tion with Malin Space Science Systems
in California last spring. With the ad-
vent of the current and future Mars mis-
sion bringing a surge of interest in plan-
etary sciences, Sheri Klug has been

Continued on next page
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hired as the full time director of the pro-
gram. Klug has been involved as a Mars
educator in the Monhwest for the past
three years and has participated in edu-
cational outréach workshops and events
for Mars Pathfinder and Mars Global
Surveyor.

What’s News gromp. ¢

face, will provide mirmor-like facets that
will reflect more encrgy back to the
transmitter even when viewed at a slani,
If the materials making up the martian
surface are bess dense, they will absorb
movre of the incident radio waves and
thereby weaken the echo. These elec-
tromagnetic scatiering phenomena al-
low us 1o probe the geomorphology and
geochemistry of the martian surface and
to map the observed characlerisics
along the radar tracks, The density of
the surface and its roughness are related
to rockiness, which we would also like
e know before sending & retro-rocket
lander with only 35-cm clearanes 10 a
target location. Thus, radar contributes
i the selection of fulure Mars landing
sifes,

Because the orbits of Earth and Mars
lie near & plane, subradar points on Mars
are always in the martian equatonial re-
gion between 25 degrees north and 25
degrees south latitude. Thus, much of
Mars is not directly probed by the ra-
dar techniques discussed here. Onc
method that lends itself w a global pic-
ture of Mars in radar light involves il-
luminating the whole planet with a ra-
dar beam and then imaging the full disk
with a radio telescope. This does not
provide topography, but does let us
study roughness and rockiness across
the martian globe, The Mars Pathfinder
landing site is among the rockicst on
the planet. The robust airbag landing
system allowed us o explore this highly
interesting locale.

Dir. Albert Haldemann
Planetary Radar Group

Martians of the
Month

Every month the Mars Exploration
Program Office at the Jei Propulsion
Laboratory honors employees who have
made a significant contribution o the
work of sending spacecraft to Mars,
Here are the two most recent “Martians
of the Month."”

September: Eric Grant

Eric Grant, Mars Surveyor Operations
Project Mavigator, was the Martian of
the Month for Seplember. His umely
arnvd sccurate analysis of the Doppler
tracking data has resulted in the precise
location and prediction of MGS's or-
bital motion, He has demonstrated ex-
traordinary dedication over the entire
6.5-month aerobraking interval by
working a daily schedule dictated by
MGS orbital events and not the tradi-
tional rising and sewing of the Sun,

October: Kathleen Spellman

Kathleen Spellman took over as Experi-
ment Operations Team Leader on Mars
Pathfinder in October 1997, She was
responsible for all of the science team
activitics on Pathfinder, with the major
emphasis being on assembling and for-
matting the data archives and develop-
ing the uplink system. When the uplink
system was largely in place and scitled,
she was suddenly called upon to fill the
role of Science Coordinator, a position
that had been unexpectedly vacated.
Throughout the project she always
maintained her cheerful attitude and
was always available 1o help anyone in
need. Her hard work, dedication, un-
Magging project spiril, and many spe-
cial talemis and the enthusiasm she
brings to the Mars Program make her
truly worthy 1o be named Marian of the
Month.

O G R Dr. Bob Anderson
B1R-393.1253

robert.c.anderson @ jpl.nasa gov
IPL Public Education ODffice .o B 1 B-2154-550
JPL Public Information OCE ......coeeemes B18-354-5011
Education & Public Outreach ....ovveveee Dy, Cheick Diarra

B18-354-5428

cheick.m.dizrra & jpl.nasa.gov
Internet Edition  hipfmpferww, jpl.nasa. govieducation

;. Mafional Asronautics and
Space Adminisiration
Jet Propulsion Laboratory
California Instiule of Technology
Pasadena, Caldomia

JPL 410-45.9
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